To determine the risk of becoming overweight for every first grader during the elementary school years and to determine whether the overall risk of becoming overweight for first graders is increasing. STUDY DESIGN: A descriptive study using school-based surveys of 12 588 boys and 12 264 girls who entered elementary school between 1989 and 1994. Six years later, the follow-up survey was conducted. Overweight was defined using the BMI percentile cut-off points. MEASUREMENTS: For every 5th percentile rank of first graders, the odds ratio for becoming overweight at seventh grade was calculated. A hockey stick regression analysis and the yearly trend of the risk for becoming overweight at 7th grade were also investigated. RESULTS: For overweight children in first grade, the odds ratio for staying at the same level was extremely high in both boys (35.0) and girls (63.9). The threshold effects of the BMI percentile value at first grade for becoming overweight were the 81st and 87th percentiles for boys and girls, respectively, according to the hockey stick model. The overall risk for becoming overweight significantly increased in boys during the study period (P ¼ 0.009). CONCLUSION: The present study determined the exact level of the risk for becoming overweight for every first grader at a different BMI percentile rank. The risk of overweight children in first grade who stayed at the same level at seventh grade was higher in girls than in boys. On the other hand, the trend of the entire population for becoming overweight presents only in boys. The different pattern of the trend of population for becoming overweight by sex during elementary school period may provide evidence to understand and predict overweight in adolescents and adults.
Introduction
Overweight is a serious problem facing youths as well as adults. The number of preschool and school-aged children who are overweight and=or have risk factors of cardiovascular disease is increasing in developed countries, and evidence suggests that the problem is rapidly worsening. 1 -3 These data suggest that we need to know the grade of risk for becoming overweight for every child during the school years.
Follow-up studies of individuals may answer this question. 4 Several previous studies on school-aged children have been carried out. 5 -7 However, due to the relatively small number of sample subjects in those studies, the children having a high risk for becoming overweight during the school years could not be determined.
A larger concern is whether the risk of the entire population for becoming overweight is increasing. Populationbased studies have revealed that the heavier individuals in various populations are now even heavier than before. 8, 9 However, there has been no report that has analyzed the risk of the entire population for becoming overweight during the elementary school years using individual data.
The purpose of the present study is to determine the risk for becoming overweight for every first grader during the elementary school years and to determine whether the overall risk of first graders for becoming overweight is increasing.
Subjects and methods

Subjects
The subjects were 41 707 first-grade children, whose data (name, sex, weight and height) were obtained from 1989 to 1994 from elementary schools by the Board of Education in Kagoshima City and the Kagoshima City Medical Association. We obtained permission to use and analyze these data from the committee for ethics in the Kagoshima Medical Association on condition of confidentiality of personal data. Kagoshima City is located in the southern part of Japan and is a local urban city. It has a population of about 550 000. Six years later, from 1995 to 2000, the data on 42 395 children, who by then were admitted to junior high schools, were obtained. The identification of each individual was based on the name written in Chinese characters. Exclusion criteria in the present study were as follows: (1) data of children having the same name written in Chinese characters in the same grade; (2) data of elementary school children whose names were written in kana letters (Japanese cursive syllabary); (3) missing names in the lists of junior high schools probably because of moving; and (4) data not obtained or incomplete data. The kana letter is usually used for younger children in Japan because the letter is more easily understandable for them. The kana letters are phonetic characters not ideographs like Chinese characters. When the name is expressed in kana letters, more than one child may have the same written name. Children whose names were written in kana letters were therefore excluded.
Final subjects of the present study After excluding children who had the same names and were in the same grade, or those whose names were in Japanese kana letters, the data on first graders and, 6 y later, these on those same students as seventh graders were combined. When combined, 24 852 children (12 588 boys and 12 264 girls) were identified as having the same name in both grades. Characteristics of the final subjects are shown in Table 1 . No names appeared more than twice after combining, indicating that the identification of the same child in both grades was complete. These 24 852 children corresponded to 59.6% of all children admitted to elementary school between 1989 and 1994 in Kagoshima City. Reasons for the lack of follow-up were as follows: missing names in the lists of junior high schools probably because of moving (22.4%), incomplete data (9.0%), data not obtained (5.7%), kana-letters (2.5%), and same names in the same grade (0.8%). There were no differences in the mean body mass index (BMI) and=or BMI percentile values between the final subjects of the study and the totality of children admitted to elementary schools (data not shown).
Measurements of height and weight
The height and weight of the children were measured by school nurses in their schools in early April of each year. Height was measured without socks and shoes, with the child's eyes and ears on the same horizontal line and with their heels, hips and backs touching the vertical bar of the instrument. Weight was measured while wearing only underclothing. The height was measured to the nearest of 0.1 cm and the weight was measured to the nearest of 0.1 kg. The BMI was calculated as (weight in kg)=(height in m) 2 .
Definition of overweight, children at risk of overweight
The Expert Committee on Clinical Guidelines for Overweight in Adolescent Preventive Services published the guidelines for overweight for adolescence. 10 In the present study, overweight is defined based on these guidelines: children with BMIs ! 95th percentile for their age and sex based on the reference data in Japan were defined as over- The data were expressed as the mean (1 standard deviation).
Who is becoming overweight during school years? M Yoshinaga et al weight. Children with BMIs ! 85th and < 95th percentile are defined as children at risk of overweight. 3, 6 Reference data for the BMI percentile value for each age and sex Adult cut-off points that establish a standard definition of overweight (a BMI of 30 kg=m 2 for overweight) are thought to be linked to BMI percentile rank in children to provide child cut-off points. 11 In Japan, the prevalence of overweight (BMI ! 30.0) in adults was quite low compared with the data in Western populations, 12 and a BMI ! 26.4 was usually used for the definition of overweight in Japanese adults. 12 We therefore used the Japanese data as a reference, not the data of Cole et al.
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The percentile value of BMI for each age and sex was determined from the frequency table of height and weight published by the Ministry of Education, Culture, Sports, Science and Technology in Japan. This table, published in 1977, was the first of those published to include the distribution of data pairs of height and weight of school-aged children. 13 The cut-off points for overweight and at risk for overweight are shown in Table 2 .
Japanese children enter elementary schools in April when they are 6 y old. The height and weight of the children in this study were measured soon after their entering school each year. Therefore, almost all of the first graders were 6 y old, with only a small number being 7 y old at the time of the first measurements. Similarly, almost all of the seventh graders were 12 y old at the time of the last measurements. We used the reference data at 6 y old for the first graders and that at 12 y old for the seventh graders.
Statistical analysis
First graders were divided into subgroups by gender and every 5th percentile rank at the first grade. To examine the risk of overweight in the 7th grade, logistic regression analyses were conducted using the BMI percentile values at the first grade as the independent variable. We calculated maximum likelihood estimates of odds ratios and their 95% confidence intervals (95% CIs) using the subjects whose BMI percentile values are among median values (between the 45th and 55th percentile) as a reference group. The difference in the magnitude of the estimates between sexes was also examined in logistic models using an interaction term of sex and the BMI percentile values in the first grade. Because the risk of overweight (or at risk of overweight) in the 7th grade appeared to increase steeply among the subjects with a BMI around or over 80 -85th percentile, we analyzed the data using the logit and hockey-stick models 14 to determine the high risk population of overweight. The hockey-stick model calculates a threshold value in the BMI percentile in the first grade to predict the risk of overweight in the 7th grade. The simplest forms of the respective models are as follows:
where x ¼ the BMI percentile in the first grade, p denotes the proportion of children who are overweight (or at risk of overweight) in the seventh grade with the BMI percentile in the first grade of x, and x 0 denotes the threshold.
The yearly trend of the risk for becoming overweight at 7th grade was examined, adjusting for the effect of the BMI percentile values in first grade as a covariate. All of the P-values presented were two-sided. Statistical testing for correlation coefficients was based on Fisher's Z-transformation.
Results
Risk of first graders for becoming children at risk of overweight or overweight at seventh grade Figure 1 shows the odds ratio of the first graders for becoming children at risk of overweight at the seventh grade obtained from logistic models in boys and girls. There was Cut-off points for children from 6 to 6.5 and 12 to 12.5 y old, respectively, from the International survey by Cole et al.
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Who is becoming overweight during school years? M Yoshinaga et al no sex difference in the risk of becoming at risk of overweight (P ¼ 0.22). The hockey-stick regression model revealed that the odds ratio among girls with a BMI over the 76th percentile at the first grade increased more steeply than that among girls with a BMI below the 76th percentile. Among boys, however, we could not find such a critical point of BMI percentile at the first grade. The odds ratios of the first graders becoming overweight at the seventh grade are shown in Figure 2 . The magnitude of the odds ratio for overweight at 7th grade was quite high in boys and girls who were already overweight at the first grade (35.0 for boys and 63.9 for girls; 95% confidence intervals: 25.6 -48.0 for boys and 41.1 -99.3 for girls). The magnitude of the odds ratio for becoming overweight was significantly greater in girls than that in boys (P < 0.001). In the hockeystick regression model, the odds ratio among boys with a BMI over the 81st percentile at the first grade increased more steeply than that among boys with a BMI below the 81st percentile. We observed a steeper increase of the odds ratio among girls with a BMI over the 87th percentile than that among girls with a BMI below the 87th percentile.
Yearly trend of the risk for becoming overweight
To determine whether the risk of becoming overweight increased in the first graders during the study period, the yearly trend of the risk for becoming each entity was analyzed after adjusting for the effect of the BMI percentile values in the first grade as a covariate (Table 3 ). The risk for first grade boys of becoming overweight significantly increased (P ¼ 0.009) during the study period. No other yearly trends were observed.
Discussion
Obesity, or overweight, is known to be one of the most serious problems facing youths as well as adults in developed countries, and evidence suggests that the problem is rapidly worsening. 1 -3 Several studies have revealed the relationship between childhood obesity and obesity in adults 9, 15, 16 or relationship between obesity in school-age children and obesity in adolescents. 5 -8,17,18 Population-based studies support the fact that heavier individuals are heavier now than before. 8, 9 However, little of the data used in the previous studies has been based on particular individuals. 5 -7 Wang et al followed 975 Chinese children and found that children at risk of overweight were 2.8 times as likely as all other children to become overweight adolescents. 6 The very high odds ratio (63.9) of overweight girls in the first grade may be the result of a low prevalence of overweight in the reference group in the present study (children with a BMI percentile rank from 45th to 55th). Even when we used the children with a BMI < 85th percentile as the Who is becoming overweight during school years?
M Yoshinaga et al reference group, the odds ratio was still very high (45.2). The higher odds ratio in girls than in boys may be the lack of the trend of the entire population for becoming overweight in girls. Heavier girls only may have a tendency to be heavier than before.
After adjusting for the effect of the BMI percentile values in the first grade as a covariate, the risk of the first graders for becoming overweight significantly increased (P ¼ 0.009) only in boys during the study period. Flegal and Troiano showed that the distribution of the mean-difference plots for entire BMI ranges from the national surveys tended to shift upward in adolescents and in adults, suggesting that an increase in BMI across the entire population was present. 9 The statistical analyses used in their study and in the present study are different; the present study shows that in Japan, the trend of the entire population for becoming overweight starts earlier in boys. There is no gender difference in the trend of the entire population for becoming overweight in Japanese adults. 12 Further studies need to clarify why this trend appeared only in boys, because this gender difference was also present in some other areas. 6, 8 The relationship between obesity in children and obesity in adults is another concern. Whitaker et al described obese children (6 -9, 10 -14, and 15 -17 y of age, respectively) showing high odds ratio (8.8, 22.3 and 17.5, respectively) for obesity in young adulthood (21 -29 y of age), regardless of whether the parents are obese. 15 Guo et al addressed the predictive value of childhood overweight for overweight at 35 AE 5 y. 16 Prediction was excellent at 18 y, good at 13 y, but only moderate at ages less than 13 y. The odds ratio at 18 y for identifying overweight at 35 y was 14.9 for males and 27.2 for females. 16 These data suggest that obesity around or more than 12 y is related to obesity in adults. The present study showed that obesity at 6 y was highly predictive of obesity at 12 y, suggesting that obesity at 6 y may be predictive of obesity in adults.
Recently Moreno et al have showed a trend to a central pattern of adipose tissue distribution, especially in males and at the youngest ages studied (6 -11 y in males, and 6 -7 y in females). 19 Not only the overweight but body fat distribution should be followed.
We did not compare the results of the present study with data from other areas in Japan. However, the mean value of the BMI of the present study is similar to that found in the central part (Tokyo) of Japan in another study. 5 The prevalence of overweight in school-aged children in each district from Hokkaido in the north to Kyushu and Okinawa in the south was almost the same. These data suggest that the findings in the present study also occur throughout the rest of Japan.
Finally, the present study showed the exact level of risk for becoming overweight or for becoming children at risk of overweight for every first grader at the different BMI percentile ranks. The odds ratio of overweight children in first grade who stayed at the same level was significantly higher in girls than in boys. On the other hand, the trend of the entire population for becoming overweight presents only in boys. The different pattern of the trend of population for becoming overweight by sex during elementary school period may help to understand and predict overweight in adolescents and adults. Who is becoming overweight during school years? M Yoshinaga et al
